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!XMMARY OF NEUTRINOPRESENTATIONS

D. Hywel White
Los Alarms National Laboratory

ABSTRACT

This summary is divided into two sections. First, we concentrate on
conventional neutrino physics interpreted in the context of standmi ekctroweak
theory. Second, we discuss double beta decay where gross violations of the
predictions of the t.hecq tnighz appear, and also wc discuss specific searches for
consequences of finite neutrino mass.

suMMARY

I. Two measurements were reported at this meeting of interaction cross
sections of neuainos an nuclei k. llte fm mpmed by X-Q Lu used the 800 McV
proton beam at LAMPF to produce an intense source of neutrinos through n+

production and decay and also through subsequent p+ decay in the beam stop. The
expcrhmnt was designed to mastxe neuuino-elecuon scattering and vcrifjI that the
interference betweenchargedandncutrakument cmtributions is destructive as
prdktedbyt kstaddrmxkl. Ittdlkiont kbackgmundtothism casumncntis
ductocmgakumn tscatmin oncadmninthedctec mandsoameasuremn tofthis
Crosssection wasnmk. An d “tioml tick allowed isolation of the scattering to the
12N _ ~, 12N betadccayswi~ ● M-rnslifedtma ndanend-point energy of 15
MeV, sothatthe decay elccmmisreuiil obsuvable inthedctecm. In Fig. lis
shown the tinw distribution of pulses fo&wing an ekcmn event with beam on and
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beam off. The pwcnce of the 1u ms component of beam on data is apparent. The
neutrino flux is known from calculation, and so an absolute cross section is
determined There has existed a calculation of thesc cross sections in the literature by
T. W. Donnelly for some time and the measwed rates arc compared with the calculation
in Table I. The agreement is satisfactory although, now that data am available, perhaps
further rcfmemcnt of the calculation maybe expected.

TABLE I

Measured CrossSections

~gs = (1.25 * 0.11 * 0.14)x 10-41cm2

CJinC= (1.85 * 0.22 * 0.23)x 10~lcm2

T. W. Donnelly Calculation
a“gs = 0.94 x 10-4lcm2

Robert Manwcilcrmpmted onascconde
F

nt that is similar in some ways
except that the neutrinos am derived fi’omdecay o pms iii flight@o at LAMPF. The
neutrinos arc higher in energy, typicali 150 Mc~. Events arc detocd by observing
thenumndecaya fkrcomingtorest & range of the final-state muon is small, and the
decay electron gives a muon lifetime shown in Fig. 2 for both exclusive events, i.e., to
the ground state of 12N as above, and (Dall final nuclear states. l%e inclusive events
have a mall back

P
but the reactions leading to the F state seem particularly

clean. Ilie muon “ etic-energy distributions shown in FI$ 3 arc smilar for both
reaction classes. Recall that the muon kinctic+nergy distribution is a little less than
105 h4cV below the incident-ncmrino energy. Again the neu-

T
distribution

titilu$wflm md-~titina-~onkti~ In able IIis
shown a amparison of cress -on with calculation

TABLSII

+ X) = (10,9+ 1.8)x I(Y39 cm2

-e

Inclusive 63 10,9 * 2.8 (&&dyonneu)
12N(g.s.) 19 3.4 Y 1.6 %8

s ●

The inclusivecross seckim seemsreasonable,but the Donnd cakuldon @icts that
the experiment wotdd not have seen any exclusive events d 3.4 * 1.6 are seen. This
is a somewhat troubling simatiott, although the experimentalMatisticalprecision is
limited.

At Btwokhaven, a prugram to measum v - c scattering to determine the
&ektmweak mixing angle is complete. Milind ‘wan mpcrtod on the results of the final
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analysis. The beam is from a decay-in-flight source, and events are detected in a highly
segmented detector with capability to isolate recoil electrons and measure angle and
energy. Neurnno-electron-scattering events are identified by the smallness of the angle
of the recoil electron and the neutrino direction; this disrnbution is shown in Fig. 4.
The signal peak at small angles is clear and the cross-section ratio for neutrino and
antineurnno scattering is made with precision. This group now has as many events as
all previously published data, althoughmore data are expected from CHARM 11
shortly. In order to nommlize the individual neutrino and antineutrino cross sections
quasi-elastic scattering

vv+n+p-+p

Vu+p+#++n

was used. for events mdominanth at low 02. The event samtde is shown in Table 111
together with the bea’menergies fo~both ne&inos and antineukinos.
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observed
efficiency Corlwtcd

obsawd
efficiency comcted

<En>

< CJ(QE)>

The value of sin% is

TABLE III

Vp

159.5 * 17.3* 7.3
322.6 i 35.5& 24.5

79082
10.1 X I@ (12.3%)

1.274 k 0.022 GeV

0.919 x 10-38

qJ

96.7 k 13.2 t 8.8
163.3 k 22.6* 16.8

59241
4.26 X 105(8.6%)

1.227 ~ 0.022

0.381 X 10-38

0.197 + 0.020 * 0017 ,

- 0.021

which is to be compared with 0.228 * 0.007 .* 0.002 from the masses of W and Z
and 0.233 *0.003’* 0.005 fbn deep-inelastic neutrino scattering. These numbers
c43mefiumthcoompilation of AnmldictaLl Itispmbably toocarlyto worry abouta
possible discrepancy, M the universality of sin% after radiative camections is indeed
a cornerstoneof the electrovbeaktheory.

IL Itissssumed inthestmdar delccmnmk model thatthemassofthc
neutrino is zero. This is

e
“ym~mtimuti= lefi Hmdtieri@t-

handed His absent Kayser presented a ch+engc to this point of view and
pointcdout dutthercafc goodmascmtoexpcct ncutnnomas~ toksmall, butnot
Zu’o. m=wwti~~~mtim~mbvqtiy-pdm
present mmummcntcapabqo T’heconvcntiUtA Diracneutrino alsocaXxEunder
scqltinywim astmngposaibilt thatneutrinos may be Ma~thciro’wn
~~:ti~y&* “ ““* makes +eneutrino averfmerewing

W XUdy. MmnatXm Onneutrino mssoancome
-humthe folknlhg topics -

1, pdeca
d2. Vosc” dons

3. ~decay
4, Solar neutrinos
5. Supunovw.

There wem presentations on Topks 1,2,3, and 4 in this neutrino session.
John Wikson discussed the smte ofexpcrimmts seeking to obsewe evidence

Offinite neuainomass inaithmbetadecsy
3H + %+e-+ve

~mal~nmkof~~ ~totiti@~~ms-titih
Table IV,



TABLE IV

TRITIUM EXPERIMENTS

~ L4@!2!l

+Lyubimov Moscow Toroidal Magnet
+Kundig Zurich Toroidal Magnet
+TJB,RGHR,JFW LOS hrnos Toroidal Magnet
+Ohshima Tokyo p2 Mag
Fackler Livermore Retarding E-S
Clark, Frisch IBM Retarding E-S
Jelley oxford Cylindrical Mirror
+Sun Beijing Iron Core Magnet
Lobashov Moscow Retarding E-S
Stoeffl Livermore Toroidal magnet
Daniel Munchen Iron Com Magnet
Boyd Ohio State Retarding E-S
Wcllenstein Brandeis Cylindrical Mirror
Kalbfleisch Oklahoma ?
Otten Mainz Retarding E-S
Derbin-Popeka Leningrad
*Simpson Guelph i:

~ Experiment Completed
+ Have Results

SSQ4M3X

Valine-T
C-T
T,T2 gas
“Acid”-T
T2 solid
?
Ca-Palmitate-T
LiT,PdT,organic
T,T2 gas
T,T2 gas
Hf-T

$2 Gas
?
T Gas
Si-T
Si-T

The reason that aJl this activity is occurring is that there has been a positive
result from the Lyubimov group for some time; the data are shown in Fig. 5.
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Statistically, the finite-mass effect is clear, but of course all the problems of these
experiments are systematic. The statistical precision is critically dependent on a
background-free experiment. It is unfortunate that the groups that have opted to use
electrostatic spectrometers have suffered with mom background than the magnetic-
spectrometer experiments. As an example of the differences between experiments, the
resolution functions of a number of experiments are shown in Fig. 6, with low-energy
tails in these functions from energy loss in the target depending on the final molecular
states and, hence, the structure of the target material. John Wilkerson emphasized the
advantage of a gaseous source of T2 and we look forward to more data from the Los
Alamos EIWD. The consensus seems to be that the electron-neurnno mass is certainlv
below 3~eV: but a mass in the eV range is still open.

1.00

*.-

: 0,60
u

d! 0.20

I
o

I I 1 1 I

—o—INS

ITEP Ah
---- LANL

),
il ‘

/i i ‘I\
‘1\

i! ‘1
“ I ‘,

h“
“ I ‘,/“1

++” i. j—. / \ -.
-200 -150 -1oo -50 0 50 100

Energy Loss, N
Fig. 6

Two experiments were presented searching for neutrino oscillations. Richar.
Seto presented data from a Brookhavcn namow-band beam in which oscillations of the

type v~ + Vc would appear as anomalous charged-currentevents with electrons in the
final state. The energy spectrum of the identifi~d electron events is shown in Fig. 7a
with the Monte Carlo estimate in Fig. 7b. The experimenters conclude there is no
evidence for anomalous events Ieadmg to the limlts shown in Fig. 8. Stan Durkin

showed data from a Los Alamos measumment, which looked for ~p + ~e

oscillations. At the beam stop at LAMPF there are no ;W because n- am all absorbed

before decay, Moreover, ve charged-current interactions on 12C are suppressed

relative to ve on free protons and cutoff at a lower energy. In Fig, 9 is shown a
distribution of identified electron energies in the detector with a Monte Carlo estimate of

the expected rate assbming no VU+ Fe oscillations. The limit implied by this
measurement is similar:0 that in Fig, 8. Futiher running by this experiment might
improve the limit by about a factor of two.
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Double beta decay with two neutrinos in the final state is a process that is
expected to occur conventionally in the standard electroweak theory. In the case that
single beta decay is forlidden by energy conservation then double beta decay is
observable when two uucleons participate in the transition. It has been assumed that
these two transitions are indepcndect and that the rate is given by the nuclear matrix
element with a second-order weak transition. A problem with this view is that
geochemical studies in tellurium have indicated that the decay rate is substantially
weaker than expected tlom a calculation by Haxton and Stevenson. Williams
presented a calculation done with Haxton in which the axial-charge term was included
and noted to interfere destructively with the principal transition terms. However, this
term is too small to account for the Te discrepancy, although it is a step in the right
direction. Stevenson made some general remarks that in calculating nuclear matrix
elements for double beta decay the correlations between nucleons should be taken into
account at least, because double charge exchange has shown the correlations to be
significant. In the context of this problem the Irvine experiment on 82Se presented
by Alan Hahn was very interesting. This experiment uses a Time-Projection
Chamber to reconstruct the tracks ffom the two electrons in the double-beta-decay
transition, The sum of the two electron energies is shown if~Fig, 10 for two versions
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of the apparatu$ TPC 2 is a lower-background experiment and a fit to the spectrum

gives the curve ~~2v) for the decay. The lifetime from this fit is

Z(2V) = (1.4 +oqJ3) x lwyrs .

This vahk isinappmximw agreementwith theoreticalcsamatcs of the rate, and the Te
puzzle remains. Frank Avignone gave a summaryof the doubic-beta-decaywork in
progress, mentionin in particular the 7@e experimentslooking for neutrinoless

1?decay, notably the C Santa Barbara- LBL collaboration,whichhas the highest limit
at the moment of 7 x l&3 yr. For ncutrinolessdouble beta decay to occur, the
neuaino mass must be non-zeroand right-handcurrentsmust exk Major mischief to
the standard model wouldmsuk The flurryof interest in a possible observationof
double beta decay with a majomn has subsided.

A puzzling observation by the Kamioka-11collaboration was mportcd by William
Frati. Fully contained ncutrino events am observed in the Kamioka detector that arc
produced by cosmic-ray interactionsin the atmosphcm. In simple tams, since the z u
decay chain p’educes two v~ andoneVe,thenit is expected that twice as many muon
events over electron events would be seen. Detailed effects reduce this number to
somewhat C1OSCto unity, acceding to the standaud calculation of Gaisw et al. Muons
in the detector pruduce a different ring pattern to electrons largely because multiple
scattering is different at the same deposited energy as shownin Fig. 11. separation of
the two classes of eventsin thisenergyrangeis straightfmmrd.InTable V arc shown
the data for an eXpOS~ of 2.87 kilototl-y~ with ~s >100 MeV/c and p~ >200
MeV/c.

TABIX V

~

Total Tdal u-

Sinigkgkxlg 178 60 2>:.5 110.3
8S ;2 144,0 103.8

C-U 93 6.5
MultiRing x% A&n

Total 26s 94 :18.7 147.4
==m=======s-=m~ =x==m===== ==mm======a9=-=as=== ==------. ----

The ratio fm muon-to=clectron ~cnts for data divided by the same ratio fcmMonte
Carlo is 0.S6 A 0.08. If the cut on mcmmtum is made equal for electrons and muons
at 200 MeV/c then this ratio changes to 0.S3 i 0.08. Beicr pointed out in the question
period that bcfomtoo much is madeof this result, a conccm he communicatedabout the
calculationof cosmic my ncutrinoflux shouldbe alleviated.

Finally,Balentckindescribedan analyticalmethod fm calculatingthesolar
ncutrinoflux m the case that the MSW effect is irnpatant. llc calculation is
straightforward and offers significant saving of time for a wide range of mass-
differcnce squared and mixing parameters,


